We present an overview of the longitudinal instabilities of Gaussian bunches subject to a harmonic RF potential. Our emphasis is on the behavior of long bunches having lengths greater than the wavelength of the perturbing electromagnetic fields. We exhibit the crossover between the dominance of the synchrotron modes and the coasting-beam-like distortions of the bunch distribution, which occurs as the real or imaginary part of the coherent oscillation frequency becomes large compared to the synchrotron oscillation frequency. For a narrow band impedance the growth rate of the coasting-beam-like modes is determined by the average beam current, and for a broad band impedance the growth rate is determined by the peak current. We discuss the transition between these two regimes by considering the growth rate as a function of the bandwidth of the impedance.
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Mathematical Formalism
Our starting point is the treatment of coherent instabilities developed by Wang X(¢,t) = PO (f) + p(()exp(-iUt). (1) Here, po((p) denotes the line charge density of the unperturbed bunch and p((p)exp(-iUt) is the coherent perturbation.
Let us suppose there to be M equally spaced bunches each containing N/M particles. We assume the distribution function corresponding to the unperturbed bunches is
where L is the bunch length in radians, e the electric charge of a particle, and the action- (6) with a being the momentum compaction.
The representation of the matrix element Tmn given in Eq. (4) can be simplified by employing the two integrals:
Jr2drexp(-ar 2)J1(br)=(b/4a2)exp(-b2/4a), (8) where Jk(x) is the k-th order Bessel function. In this manner, we find the following representation for Tmn involving only a single integration:
with Iav = Newo/2w the average current, and
The relationship between this integral representation and the conventional expansion in synchrotron modes is estabished by using in Eq. (11) the generating function for Ik Bessel functions, yielding
The synchrotron mode expansion of Eq. (12) To proceed we rewrite Eq. (11) defining A(x,Q) in the form:
xA(x,Q)= -exp(x)+ iQ?Q f dO cosQ(rr-e) exp(xcos6). (13) snQ0
We restrict our attention to the case when IQI<<IxI and |ImQK<< ,x and we find for IxI+-:
where we have defined Since the range of the wake field, 1/A, is short compared to the bunch length L, and certainly short compared to the spacing between bunches, we can ignore interaction between bunches. To ease the notation we assume one bunch to be in the ring (M = 1). For n -A < m,n < n + A, we approximate Eq. (22a) by We see that p(p) is a plane wave modulated by the function fA(-C), which is sharply peaked about f = C with peak width of order 1/A. The detailed structure within the peak depends on the short distance behavior of the wake field, which has been ignored in our approximate treatment, and hence is outside the scope of our discussion.
Let us close by commenting on the attempt made by Messerschmid and Month3 to describe the microwave instability. Their approach was based upon the ansatz, p( ) = exp(inom) po(4), where po(t) is the unperturbed bunch density. This has the form of a plane wave modulated by a shape function, however, the shape function is always taken to be po(t) independent of the bandwidth, A, of the impedance. Our discussion shows that this is incorrect, and that the shape function should have a peak width of order 1/A, the range of the wake field. This local behavior is closely related to the peak current dependence of the coherent frequency for A >> I/L. 
